32 Acquisition of proper neuronal identity and position is critical for the formation of neural 33 circuits. In the embryonic spinal cord, cardinal populations of interneurons diversify into 34 specialized subsets and migrate to defined locations within the spinal parenchyma. 35 However, the factors that control interneuron diversification and migration remain poorly 36 characterized. Here, we show that the Onecut transcription factors are necessary for proper 37 diversification and distribution of the V2 interneurons in the developing spinal cord. 38 Furthermore, we uncover that these proteins restrict and moderate the expression of spinal 39 isoforms of Pou2f2, a transcription factor known to regulate B-cell differentiation. By gain-40 or loss-of-function experiments, we show that Pou2f2 contribute to regulate the position of 41 V2 populations in the developing spinal cord. Thus, we uncovered a genetic pathway that 42 regulates the diversification and the distribution of V2 interneurons during embryonic 43 development. 44 45 46 Significance statement 47 In this study, we identify the Onecut and Pou2f2 transcription factors as regulators of spinal 48 interneuron diversification and migration, two events that are critical for proper CNS 49 development. 50 51
In the developing spinal cord, OC factors contribute to diversification, migration and 115 maintenance of different neuronal populations (Kabayiza et al., 2017 , Roy et al., 2012 , Stam 116 et al., 2012 . To study V2 IN diversification, we previously established a repertoire of 117 markers that divide embryonic V2 cells into multiple subpopulations (Francius et al., 2013) . 118
Although OC factors have been detected in V2 INs Clotman, 2010, Francius et 119 al., 2013) and are similarly distributed at distinct antero-posterior levels (Francius et al., 120 2013) , their production in V2 subsets has not been investigated yet. Therefore, we first 121 determined the presence of each OC in these V2 subpopulations at e12.5. 122
V2a INs include neuronal subsets characterized by the presence of Shox2, MafA, cMaf, 123
Bhlhb5 or Prdm8 (Francius et al., 2013) . Only Hnf6 was detected in few Shox2+ V2a cells 124 ( Figure 1A -C"; Table 1 ). In contrast, the 3 OC proteins were detected in MafA+ and cMaf+ 125 V2a subpopulations ( Figure 1D -I"; Table 1 ), but not in Bhlhb5+ or Prdm8+ cells (Table 1; data 126 not shown). V2b INs include similar subsets except for Shox2+ and cMaf+ cells, and contain 127 an additional MafB+ subpopulation (Francius et al., 2013) . OC were present in MafA+ but not 128 in MafB+, Bhlhb5+ or Prdm8+ V2b subsets ( Figure 1J -L"; Table 1 ; data not shown). In 129 addition, OC were detected in V2c (non-progenitor Sox1+ cells; Figure 1M -O"; Table 1) Finally, we assessed the requirement for OC in the production of V2c INs, a V2 population 164 strongly related to V2b cells (Panayi et al., 2010) . Although weak production of Sox1 in spinal 165 progenitors was preserved, V2c cells characterized by high Sox1 levels were scarcely 166 detectable in OC mutant embryos at e12.5 (arrows in Figure 2Y To assess whether OC also regulate the position of other V2 populations, we studied the 194 distribution of V2b INs. At e12.5 in control embryos, V2b cells distributed in a major central 195 (brachial level) or lateral (thoracic and lumbar levels) cluster with minor subsets located 196 more medially (arrows in Figure 4A -C) or ventrally (arrowheads in Figure 4A -C). In OC mutant 197 embryos at e12.5, the major population was more compact, more centrally located and 198 slightly more ventral. In addition, the ventral V2b subset was significantly depleted ( Figure  199 4P-X). Consistently, at e14.5, V2b INs in the central cluster remained significantly more 200 compact at thoracic level in the absence of OC factors, and identical trends were observed at 201 brachial and lumbar levels ( Figure 4M -X). In addition, a small contingent of V2b migrating 202 towards the medio-dorsal spinal cord in control embryos (arrowheads in Figure 4N 
OC factors control expression of neuronal-specific isoforms of Pou2f2 208
To identify genes downstream of OC that may contribute to V2 IN differentiation and 209 distribution, we performed a microarray comparison of control and of OC-deficient spinal 210 cord transcriptome at e11.5, namely at the stage when significant numbers of V2 cells have 211 been generated and are initiating migration (GEO repository accession number: GSE117871). 212
Among genes showing a differential expression level in the OC mutant spinal cord, Pou2f2 213 was significantly upregulated (1.57-fold increase). Pou2f2 (previously named Oct-2) is a 214 transcription factor containing a POU-specific domain and a POU-type homeodomain ( Figure  215 5A) that binds an octamer motif (consensus sequence ATGCAAAT) (Latchman, 1996) . , 1992) ). Therefore, we first determined whether 225 similar isoforms are found in the developing spinal cord. However, we systematically failed 226 to obtain RT-PCR products using upstream primers in described exon 1 (asterisks in 227
Supplementary Figure S2A -B and data not shown; Table 2 ) and amplifications encompassing 228 exons 5 to 6 generated predominant amplicons larger than expected (arrowheads in 229 Supplementary Figure S2B ; Table 2 ), suggesting the existence of alternative exons in Pou2f2 230 embryonic spinal cord transcripts ( Figure 5A ). Data mining the NCBI Nucleotide database for 231
Pou2f2 sequences identified a predicted murine Pou2f2 isoform (X6 sequence, accession 232 number XM_006539651.3) with a different exon 1 (E1X) and an additional sequence 233 between exons 5 and 6, the size of which (279 bp) corresponded to the size differences 234 estimated in our amplifications encompassing exons 5 to 6 (arrowheads in Supplementary 235 Figure S2B ; Table 2 ). Using PCR primers in this predicted sequence, we were able to amplify 236 a 5' region of Pou2f2 from the alternative E1X exon and an additional sequence between 237 exons 5 and 6 (Supplementary Figure S2C ; Table 2 ), suggesting that alternative isoforms 238 similar to this predicted sequence are produced in the developing spinal cord. However, 239 amplifications from E1X systematically produced 2 amplicons (arrowheads in Supplementary 240 Figure S2C ; Table 2 ), suggesting the existence of an alternative exon downstream to E1X. 241
Sequencing of our PCR products and alignment to genomic DNA confirmed that 242 predominant Pou2f2 isoforms in the developing spinal cord contain the alternative E1X exon, 243 an additional exon (E5b) between exons 5 and 6, and can undergo alternative splicing of a 244 short (61bp) exon (E1b) between E1X and exon 2 (Supplementary Figure S2D ). E5b exon 245 maintains the reading frame. In contrast E1b exon disrupts it, imposing the use of the ATG 246 located in exon 2 to generate a functional Pou2f2 protein, whereas the absence of E1b 247 leaves open the use of an alternative upstream ATG located at the 3' end of E1X ( Figure 5A ; 248 Supplementary Figure S2D ). Hence, our RT-PCR and sequencing data indicate that 4 249 neuronal Pou2f2 isoforms different from the previously described B-cell or neural isoforms 250 are produced in the developing spinal cord ( Figure 5A ). 251
However, minor transcripts corresponding to B-cell isoforms are also detected in the 252 embryonic spinal cord (Supplementary Figure S2A Figure 5A ). Using the generic Pou2f2 probe on control tissue, we detected Pou2f2 265 transcripts in the ventral region of the spinal cord, with lower expression levels in the 266 location of the motor columns (arrows in Figure 5F ). In OC mutant embryos, Pou2f2 267 expression was globally increased and additionally expanded in the ventral area (arrowheads 268
in Figure 5F -G) including the motor neuron territories (arrows in Figure 5F 
Amplification of Pou2f2 isoforms and sequencing 541
Fragments of the different Pou2f2 isoforms were amplified by RT-PCR from RNA of control B 542 lymphocytes or embryonic spinal cords purified as described above using the iScript TM 543
Reverse transcriptase and the 5x iScript TM reaction mix (BioRad). Pou2f2 sequences (Table 2) E1  E3  E4  E5  E6  E7  E8  E9  E10  E11  E12  E13  E14  E15  E16  E17   Pou  Homeo   B_Pou2f2   E1b  E2a  E3  E4  E5  E6  E7  E9  E10  E11  E12  E13  E14  E15  E17  E1X  E5b   E2a  E3  E4  E5  E6  E7  E9  E10  E11  E12  E13  E14  E15  E17  E1X  E5b S_Pou2f2. 
